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(57) ABSTRACT

The 1image coding apparatus 1s provided to realize image
coding with little calculation quantity and through rate dis-
tortion optimization thereby maintaining a favorable image
quality. The 1image coding apparatus includes a processing
unit that conducts frequency transform and quantization on a
block 1n a predetermined manner for a plurality of coding
modes, each mode having a different coding process, a cost
calculating unit that calculates a predictive coded quantity
and coding distortion 1n a coding mode using a result of the
quantization conducted by the processing unit and a residue
to obtain a cost regarding the coding mode, a minimum cod-
ing cost selecting unit that selects a mimmimum coding cost
among the coding costs calculated for respective coding
modes, and a coding umt that conducts coding on the blocks
in a coding mode associated with the minimum coding cost
selected by the minimum coding cost selecting unait.

2 Claims, 6 Drawing Sheets
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IMAGE CODING APPARATUS INCLUDING A
CODED QUANTITY PREDICTION
EXPRESSION RETAINING UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2004-
96763; filed Mar. 29, 2004, the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE

INVENTION

1) Field of the Invention

The present invention relates to a technology for perform-
ing coding on 1mage data.

2) Description of the Related Art

With the advancement of the Large Scale Integration (LLSI)
technique and the computer technique, dynamic 1image cod-
ing typified by the Moving Picture Experts Group (MPEG)-2
and MPEG-4 has become increasingly common. With the
MPEG-2 being applied to such fields as broadcasting and
DVDs (Digital Versatile Discs), while the MPEG-4 being
applied to portable telephones, portable video viewers, and
the like, the digitization of dynamic 1mages has become an
indispensable technique today.

Image coding, such as motion compensation, motion
detection, and discrete cosine transform, 1s a repetitive pro-
cessing in which an identical process 1s repeatedly performed
on subject image data. For such repetitive processing, the
Single Instruction Multiple Data (SIMD) may be favorably
employed. The SIMD, which was developed 1n line with the
turther sophistication of general purpose processor, advanta-
geously realizes a simultaneous and high-speed processing
when an 1dentical process 1s to be performed on a plurality of
data.

It 1s known to adopt the SIMD for image coding to achieve
a high-speed processing (for example, see “A Fast Precise
Implementation of 8x8 Discrete Cosine Transtorm Using the
Streaming SIMD Extensions and MMX™ Instructions Ver-
sion 1.0, April 1999). As 1s known to those skilled 1n the art,
the SIMD 1nstruction, when employed in a Pentium (regis-
tered trademark) 3 processor manufactured by Intel Corpo-
ration, enables the completion of discrete cosine transform in
fifty cycles 1n contrast to 970 cycles required 1n a conven-
tional method which does not use the SIMD.

Meanwhile, 1t has been studied to achieve dynamic image
coding which would allow the generation of high-quality
image. A conventionally known such technique 1s rate distor-
tion optimization which 1s generally utilized for motion
detection and coding mode decision.

The technique of the rate distortion optimization 1s applied,
for example, to motion estimation, scanning 1 DCT coetli-
cient quantization, determination of quantization step sizes,
and intra/inter mode decision (see, for example, Japanese
Patent Application Laid-Open Publication No. 2003-
230149).

However, 1n intra/inter mode decision utilizing the rate
distortion optimization, for example, the quantity of codes
generated through dynamic image coding and coding distor-
tion caused thereby are used for the processing. Hence, in
order to make an intra/inter mode decision 1t may be neces-
sary to actually conduct coding process in each of the intra
mode and the inter mode. Since coding process requires a
long time, however, there may be a problem that the calcula-
tion cost becomes high.
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2
SUMMARY OF THE INVENTION

The present invention has been achieved 1n order to solve
the problems.

An 1mage coding apparatus dividing an image into a plu-
rality of blocks to conduct coding on block basis according to
one aspect of the present invention, includes: a processing
umt that conducts frequency transform and quantization on
the block 1 a predetermined manner for a plurality of coding
modes, each mode having a different coding process; a pre-
dictive coded quantity calculating unit that calculates a pre-
dictive coded quantity in a coding mode using a result of the
quantization conducted by the processing unit; a coding cost
calculating unit that calculates a coding cost in each coding
mode using the predictive coded quantity calculated by the
predictive coded quantity calculating unit; a minimum coding
cost selecting unit that selects a minimum coding cost, which
1s minimum among the coding costs calculated by the coding
cost calculating unit, for respective coding modes; and a
coding unit that conducts coding on the blocks 1n a coding
mode associated with the minimum coding cost selected by
the minimum coding cost selecting unat.

An 1mage coding method of dividing an 1mage into a plu-
rality of blocks to conduct coding on block basis, according to
another aspect of the present invention, includes: conducting
frequency transform and quantization on the block 1n a pre-
determined manner for a plurality of coding modes, each
mode having a different coding process; calculating a predic-
tive coded quantity in a coding mode using a result of the
quantization obtained; calculating a coding cost 1n each cod-
ing mode using the predictive coded quantity calculated;
selecting a minimum coding cost, which 1s minimum 1n the
coding costs calculated, for respective coding modes; and
conducting coding on the blocks 1n a coding mode associated
with the minimum coding cost selected.

A computer program product having a computer readable
medium including programmed instructions for dividing an
image into a plurality of blocks to conduct coding on block
basis according to still another aspect of the present invention,
wherein the instructions, when executed by a computer, cause
the computer to perform: conducting frequency transform
and quantization on the block in a predetermined manner for
a plurality of coding modes, each mode having a different
coding process; calculating a predictive coded quantity 1n a
coding mode using a result of the quantization obtained;
calculating a coding cost in each coding mode using the
predictive coded quantity calculated; selecting a minimum
coding cost, which 1s minimum in the coding costs calculated,
for respective coding modes; and conducting coding on the
blocks 1n a coding mode associated with the minimum coding
cost selected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram that depicts a general configura-
tion of an MPEG coding apparatus 100 according to an
embodiment of the present invention;

FIG. 2 1s a diagram that depicts a quantization matrix used
by a quantizer 105 1n the 1ntra coding mode;

FIG. 3 1s a diagram that depicts a quantization matrix used
by a quantizer 105 in the inter coding mode;

FIG. 4 1s a diagram that depicts an example of a typical
grammar configuration of a bit stream of a macro block 1n
MPEG;

FIG. 5 1s a graph that depicts a relationship between an
actually coded quantity and 2(1QDCTI);
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FIG. 6 1s a flow chart that depicts a coding mode selection
process that 1s a feature of a coding apparatus 100 according
to the embodiment;

FI1G. 7 1s a flow chart that depicts 1n detail a process con-
ducted at a coding mode setting step (step S100), which 1s
explained with reference to FIG. 6;

FIG. 8 1s a flow chart that depicts 1n detail a process con-
ducted ata coding cost calculation step (steps S200 and S202)
shown 1n FIG. 7; and

FI1G. 9 1s a diagram that depicts a hardware configuration of
a coding apparatus 100 according to the embodiment.

DETAILED DESCRIPTIONS

Exemplary embodiments relating to the present invention
will be explained 1n detail below with reference to the accom-
panying drawings.

FIG. 1 1s a block diagram that depicts a general configura-
tion of an MPEG coding apparatus 100 according to an
embodiment. The coding apparatus 100 according to the

embodiment conducts coding process based on the ISO/
IEC13818-2 (MPEG-2 Video).

The coding processing 1s not restricted to the ISO/
IEC13818-2 (MPEG-2 Video). Other coding process, such as
one based on the ISO/IEC14496-2 (MPEG-4 Video) or ISO/
IEC14496-10 (MPEG-4 AVC) may be applicable.

The coding apparatus 100 includes a motion detector and
motion compensator 102, a subtracter 103, a discrete cosine
transformer (DCT) 104, a quantizer 105, a quantization result
memory 106, a residue memory 107, a cost calculator 108, a
mode selector 109, a selector 110, a variable length coder
(VLC) 111, an mverse quantizer 112, an iverse discrete
cosine transformer (IDCT) 113, an 1image storage memory
114, a subtracter 115, a selector 116, an adder 117, and a
scene change detector 118.

The cost calculator 108 according to the embodiment
serves as a predictive coded quantity calculating unit, a cod-
ing cost calculating umit, a predictive coding distortion cal-
culating unit, a prediction expression retaining unit, a predic-
tion expression correcting unit, and an mitializing unit recited
in the appended claims.

The coding apparatus 100 according to the embodiment
conducts coding 1n a plurality of modes. Here, “a plurality of
modes” means that 1n each mode different type of MPEG
coding 1s performed.

Various types of MPEG coding exist such as, intra coding,
forward inter coding, backward inter coding, and bidirec-
tional inter coding. The coding apparatus 100 according to the
embodiment operates 1n three modes: an intra coding mode 1n
which intra coding 1s conducted; a forward inter coding
mode; and a backward inter coding mode. According to the
ISO/IEC 13818-2 recommendations, 1 the inter coding,
motion compensation and DCT may be performed on field-
basis or frame-basis. For the simplicity of the description, the
terms, forward 1nter coding and backward inter coding here,
include both the field-based and the frame-based processings.

As the set mode determines the process to be conducted by
respective units in the coding apparatus 100, the coding pro-
cess can suitably be adjusted for each 1image.

The motion detector and motion compensator 102 acquires
an 1mage from the outside as an mput 1mage, to conduct
motion detection and motion compensation thereon. In par-
ticular, the motion detector and motion compensator 102
conducts forward and backward motion detection and motion
compensation, to supply resulting signals of two kinds to the

DCT 104.
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4

On receiving the residual signals, which are supplied as a
result of the process at the motion detector and motion com-
pensator 102, via the subtracter 103, the DCT 104 conducts
frequency transform on the residual signal. The frequency
transform conducted by the DCT 104 according to the
embodiment 1s not limited to a discrete cosine transform, and
other transforms, which are desirably orthogonal transforms,
may suitably be employed. In the intra coding mode, the DCT
104 directly acquires the input image signal to conduct dis-
crete cosine transiorm on the mput 1mage signal.

Thus, image signals (input 1image signals and residual sig-
nals) 1n all modes are sequentially supplied to the DCT 104.
Then, DCT 104 transforms an 1mage signal conveying spatial
information into DCT coellicients that 1s MPEG-encoded
frequency information.

An mmage 1s divided 1nto 8 by 8 rectangular regions each of
which 1s called block. The DCT 104 conducts the transform
on each block to eventually obtain 64 (=8x8) DCT coelli-
cients.

The quantizer 105 quantizes the DCT coetlicients obtained
by the DCT 104, and stores a result of the quantization in the
quantization result memory 106. In addition, the quantizer
105 stores the residue obtained by the quantization computa-
tion in the residue memory 107.

The quantizer 103 retains a quantization matrix for each
coding mode, and uses a different quantization matrix for
cach coding mode. FIGS. 2 and 3 show quantization matrices
used by the quantizer 105 in the 1ntra coding mode and 1n the
inter coding mode, respectively.

Each of FIGS. 2 and 3 shows a quantization matrix in the
initial state. These quantization matrices can be set arbitrarily.

In particular, the quantizer 105 quantizes the DCT coelli-
cients using the following expression (1).

ODCT(i ))=Round(DCT(i j)/8) i=0,j=0, intra

ODCI(i, /) =Round(DCT(i 7)/(W(ij)qscale/16)) other-
wise

(1)

where DCT(1,1)1,=0, 1, . . ., 7) are DCT coelficients,
QDCT(1,1) are DCT coetlicients after quantization, W(1,1)
denotes a quantization matrix, gscale denotes a quantization
coellicient and Round(x) 1s a function that indicates rounding
process for obtaining an integer nearest to X. The quantization
coellicient 1s adjustable from outside to conduct coding at a
suitable bit rate.

The quantizer 105 calculates residues using the following
expression (2).

RES(i j)=DCT(i j)-8-ODCT( i) i=0, j=0, intra

RES(,j)=DCT(i j)—(qgscale®* Wi j)/16)-ODCT{(i j) oth-
erwise

(2)

where RES(1,1) denotes a residue generated by quantiza-
tion.

The cost calculator 108 calculates a predictive coded quan-
tity, which 1s a predicted value of the coded quantity in each
coding mode, based on the quantization result stored in the
quantization result memory 106. The cost calculator 108 also
calculates a predictive coding distortion, which 1s a predicted
value of coding distortion 1n each coding mode, based on the
residue stored in the residue memory 107.

The cost calculator 108 retains a coded quantity prediction
expression used to calculate a predicted value of the coded
quantity and a coding distortion prediction expression used to
calculate a predicted value of coding distortion.

The cost calculator 108 calculates predictive coded quan-
tity using the coded quantity prediction expression, and cal-
culates the predictive coding distortion using the coding dis-
tortion prediction expression.
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The cost calculator 108 calculates a coding cost based on a
linear combination (D+AR) of the predictive coded quantity

and predictive coding distortion obtained as described above.
The calculation of the coding cost 1s conducted for all coding
modes that can be set.

A coded quantity R, which would be generated at the
coding of a predetermined macro block, 1s calculated by using
a coded quantity prediction expression (3).

K = Cheader + Crare + EHFGI‘EZ 1 —u(|QDCT(, j), (3)

i,/

i ... are values that are constant over the
picture coding period, C, _ . denotes a coded quantity other
than the quantity of the DCT coellicients, which are required
for the coding 1n the pertinent mode and the function u(x)
means step function that 1s defined as

where C . and o

1 x <

0
U(x) = .
) {1 if x>0

The “coded quantity other than the quantity of the DCT
coellicients” means mode information, the quantization
scale, and the coded quantity needed to code the motion
vector.

Coding distortion D 1s calculated by using a coding distor-
tion expression (4).

D = Z RES(i, ) (4)
T

In the calculation of the predictive coded quantity and the
calculation of the coding distortion, information such as the
mode information, the quantization scale, and the motion
vector 1s necessary. The cost calculator 108 obtains the infor-
mation of these kinds by using a method such as table lookup.

Here, the macro block 1s a unit of an 1mage block and
includes 16 by 16 pixels. In a typical 4:2:0 color image, one
macro block includes six blocks. The coding apparatus 100
conducts coding on the macro block basis.

FI1G. 4 shows a typical example of syntax configuration of
a bit stream of a macro block 1in MPEG. The bit stream in the
macro block includes information such as mode information
concerning the coding mode, the quantization scale, the
motion vector and DCT coelficients of respective blocks.

FI1G. 4 shows only an exemplary configuration of bit stream
and the actual syntax varies depending on the coding mode
and the subject image. For example, 1n the intra coding, the bit
stream may not have the motion vector information. If the
quantization scale 1s equal to that 1n the immediately preced-
ing coded macro block, the bit stream in the pertinent macro
block may not have the information of the quantization scale.
In the mter coding, a bit stream 1n a block 1n which all DCT

coellicients are zero may not have information concerning the
DCT coetficients.

The mode selector 109 selects a minimum coding cost
from the coding costs calculated for the respective coding
modes by the cost calculator, and selects a coding mode
corresponding to the mimimum cost. In addition, the mode
selector 109 extracts a quantization result in the selected
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6

coding mode from the quantization result memory 106, and
sends the quantization result to the VLC 111 and the inverse
quantizer 112.

The VLC 111 conducts variable length coding (VLC)
using the recerved quantization result. The VLC 111 sends
data obtained by the variable length coding to the inverse
quantizer 112. The VLC 111 sends the actual number of bits
generated as a result of the coding, 1.e., the actually coded
quantity, to the cost calculator 108.

The mverse quantizer 112 and the IDCT 113 conduct
inverse quantization and inverse discrete cosine transform on
data acquired from the selector 110, respectively. As a result
of the processing, a locally decoded residual 1mage 1s gener-
ated 1n the mter coding mode, whereas a locally decoded
image 1s generated 1n the intra coding mode.

On the other hand, the selector 116 selects an 1mage sub-
jected to the motion compensation in the mode selected by the
mode selector 109, and transmits the motion-compensated
image to the adder 117.

The adder 117 acquires the residual image or the decoded
image from the IDCT 113. The adder 117 also acquires the
image after the motion compensation in the motion detector
and motion compensator 102 from the selector 116 1n the inter
coding mode. The adder 117 adds the residual image and the
motion-compensated 1mage to generate a locally decode
image 1n the case of inter coding mode.

The cost calculator 108 retains the actually coded quantity
acquired from the VLC 111 and Z(1-u(IQDCTI)) so as to
associate them with each other.

Upon completion of coding of one frame, the cost calcu-
lator 108 updates the function (expression (3)) to be used to
calculate the predictive coded quantity R based on the rela-
tionship between the number of generated bits and 2(1-u
(IQDCT!)) retained 1n association earlier.

FIG. 5 1s a graph showing a relationship between the actu-
ally coded quantity and 2(1-u(1QDCT1)). Upon completion of
coding of one frame, statistical data indicating the relation-
ship between the actually coded quantity and 2X(1-u
(IQDCTY)) are obtained tfrom the result of the coding. Values
of C,__ and ., 1n the expression (3) can be determined
based on this relationship. At this time, for example, the least
square method may be used.

The scene change detector 118 always monitors the input
image and detects a scene change. Upon detecting a scene
change, the scene change detector 118 gives a notice to that
elfect to the cost calculator 108. If the scene change detector
118 detects a scene change, the cost calculator 108 erases all
ol the relationship between the actually coded quantity and
2(1-u(IQDCTI)) previously retained. In addition, the cost
calculator 108 resets the prediction coetficients C,_,_and ., .
to the mitial values. In other words, the coded quantity pre-
diction expression 1s 1nitialized.

FIG. 6 15 a flow chart that depicts a coding mode selection
process that1s a feature of the coding apparatus 100 according,
to the embodiment.

The coding apparatus 100 conducts a coding mode setting,
process on the dynamic image on a macro block-basis (step
S100). The coding apparatus 100 conducts coding process
according to the selected coding mode (step S102). The cod-
ing apparatus 100 then retains the actually coded quantity
obtained by coding in the cost calculator 108 (step S104).
Process at the steps S100 to S106 15 conducted for each frame.

In this way, the coding mode setting 1s conducted on each
macro block. Therefore, coding process can be conducted on
cach macro block in a suitable mode.

Ifthe process at the steps S100 to S103 1s completed for one
frame (Yes at step S108), the cost calculator 108 updates the
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coded quantity prediction expression for the corresponding
coding mode based on the statistical data of the actually coded
quantity stored until then (step S110).

Each time the coding process for one frame 1s completed,
the coded quantity prediction expression 1s updated based on
the actual measured values obtained for one frame. In other
words, actual measured values are fed back to the prediction
expressions. Therefore, the cost calculator 108 can calculate
the predictive coded quantity and the predictive coding dis-
tortion that are closer to the actual measured values. In other
words, the coding cost that 1s closer to the actual measured
values can be calculated, and a more suitable coding mode
selection can be conducted.

The update of the prediction expressions 1n the intra coding,
mode 1s conducted for every frame as explained with refer-
ence to the flow chart. However, the update of the prediction
expressions 1n the inter coding mode 1s not conducted 1n an
[-picture for which the inter coding mode 1s not present. The
update of the prediction expressions concerning the back-
ward inter coding 1s not conducted in a P-picture for which the
backward inter coding mode 1s not present.

The process 1s shifted to the next frame (Yes at step S120,
step S122). If the scene change detector 118 detects a scene
change, the coded quantity prediction expression updated at
the step S110 1s mitialized (Yes at step S124). The coding
distortion prediction expression updated at the step S112 1s
mitialized (step S128).

If the process heretofore explained i1s conducted on all
frames of the dynamic image (No at the step S120), the coding
1s completed.

If there 1s a scene change, a feature 1s often different in the
current 1mage from the previous image. Therefore, it 1s
expected that a tendency different from that 1n the previous
statistical data 1s exhibited. In the coding apparatus 100
according to the embodiment, therefore, the coded quantity
prediction expression and the coding distortion prediction
expression are 1nitialized when a scene change 1s detected.

Thus, even 11 there 1s a scene change, the predictive coded
quantity and predictive coding distortion that are close to the
actual measured values can be calculated. Theretfore, coding
process can be conducted 1n a more suitable coding mode.

FI1G. 7 1s a flow chart 1n detail of a process conducted at the
coding mode setting step (step S100) explained with refer-
ence to FI1G. 6.

Atthe coding mode setting step, the coding cost in the intra
coding 1s calculated (step S200). The coding cost 1n the for-
ward 1nter coding and the coding cost 1n the backward inter
coding are calculated (step S202).

The predictive coded quantity 1n the intra coding and the
predictive coded quantities 1n the inter coding are denoted by
Rimeand Ry o and Ry, 40,4 respectively. The coding
distortion in the intra coding 1s denoted by D, . The coding
distortion in the forward and backward inter coding are
denotedby D, ,,and D, ... ... respectively. Here, the cost
functions E Epwara @0d By, 00 10 respective modes
are denoted by the following expression (5)

—IFIEFe?

=D, . +AR

Inira

Einﬂ*‘a I

+ AR

‘forward

Ly,

LIEt i B

rd =D

Jorweard

(3)

E bacioweard :D bacloweard +}\‘Rbacﬁcward

where A 1S a constant.

The coding costs 1n the coding modes are compared with
cach other (step S204). If the coding cost 1n the forward inter
coding 1s lower than the coding costs 1n other modes (Yes at
the step S204), the coding mode 1s set to the forward inter

10

15

20

25

30

35

40

45

50

55

60

65

8

coding mode (step S206). It the coding cost 1n the backward
inter coding 1s lower than the coding costs 1n other modes
(Yes at the step S208), the coding mode 1s set to the backward
inter coding mode (step S210). If the coding cost 1n the intra
coding 1s lower than the coding costs 1n other modes (No at
the step S208), the coding mode 1s set to the intra coding mode
(step S212).

Thus, the coding apparatus 100 according to the embodi-
ment selects the coding mode, that would minimize the cod-
ing cost, thereby optimizing the coding process for each
subject frame.

FIG. 8 15 a flow chart 1n detail of a process conducted at the

coding cost calculation step (steps S200 and S202) shown 1n
FIG. 7.

The DCT 104 calculates DC'T coellicients when conduct-
ing coding 1n the pertinent coding mode (step S300). The
quantitizer 105 quantizes the calculated DCT coefficients and
calculates the quantization result and residue (step S302). The
cost calculator 108 calculates the predictive coded quantity
from the quantization result retained 1n the residue memory
107 (step S304), and calculates the coding distortion from the
coding distortion retained in the cost calculator 108 (step
S5306). Based on the calculated predictive coded quantity and
coding distortion, the coding cost 1s calculated. (step S308).

Thus, the coding cost can be calculated in each coding
mode without actually conducting inverse coding. Therefore,
the processing cost can be decreased.

A coding mode selection based on the coding cost, called
“rate distortion optimization” 1s adopted in a reference
encoder in MPEG-4 Part 10 (AVC)IH.264. In the reference
encoder, however, 1t 1s represented as a function of quantiza-
tion coeflficients. In addition, 1n conventional methods, all
values of the coded quantity and the coding distortion are
actual measured values.

In order to obtain actual measured values, the coding pro-
cess must be actually conducted 1n respective coding modes.
This results 1n the larger calculation quantity and the lower
processing efliciency.

In particular, when the mode decision 1s conducted based
on the rate distortion optimization, the processing time may
become several times longer than the time required for the
mode decision which does not employ the rate distortion
optimization. Modes 1n which one macro block 1s coded in the
MPEG-2 are classified broadly into two kinds: intra and inter.
The 1nter coding 1s further classified into six kinds: forward
field motion compensation, forward frame motion compen-
sation, bidirectional field motion compensation, bidirectional
frame motion compensation, backward field motion compen-
sation, and backward frame motion compensation.

I1 the mode decision based on the rate distortion optimiza-
tion 1s 1troduced for all of these modes, the processing time
becomes seven-iolds. In the MPEG-4 Part 10 (AVC)IH.264,
modes are greatly expanded 1n both the intra coding and the
inter coding, which may result, at the mntroduction of the rate
distortion optimization, in more than several ten times
increase in calculation cost.

For the processing of such enormous quantity 1n real time,
it may be necessary to provide a processor with more than
several times higher computation capability or an LSI with
more than several times larger circuit scale than conventional
devices. Hence, the increase 1n calculation cost poses a seri-
ous problem.

On the other hand, the coding apparatus 100 according to
the present embodiment calculates the coding cost based on
the predictive coded quantity and the coding distortion cal-
culated by using the prediction expressions without actually
conducting the coding process as described above. Theretore,
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the coding mode can be determined suitably without the
increase 1 computation quantity due to additional coding.

FI1G. 9 1s a diagram that depicts a hardware configuration of
the coding apparatus 100 according to the embodiment. As
for the hardware configuration, the coding apparatus 100
includes a ROM 52 1n which a coding program for the execu-
tion of coding process 1n the coding apparatus 100 1s stored,
a CPU 51 which controls components 1n the coding apparatus
100 based on the program 1n the ROM 52 and executes buil-
ering time alteration process, a RAM 53 1n which a work area
1s formed and various data required to control the coding
apparatus 100 are stored, a communication interface (I/F) 57
which 1s connected to a network to conduct communication,
and a bus 62 which 1s used to connect the components.

The coding program to be conducted as described above in
the coding apparatus 100 may be recorded and provided on a
computer readable recording medium, such as a CD-ROM, a

floppy (Registered Trademark) disk (FD) or a DVD 1n an
installable or executable file format.

When provided 1n a form recorded 1n a computer readable
recording medium, the coding program 1s read out from the
recording medium in the coding apparatus 100, executed and
thereby loaded onto a main storage. Respective components
described above with reference to the software configuration
are generated on the main storage.

The coding program according to the embodiment may be
stored on a computer connected to a network such as the
Internet, and downloaded via the network.

Heretofore, the present mvention 1s explained with refer-
ence to the embodiment. However, various changes or
improvements can be applied to the embodiment.

As heretofore explained, the image coding apparatus
according to the present invention 1s useful to 1mage coding
process using a plurality of coding modes. In particular, the
image coding apparatus according to the present invention 1s

suitable for 1mage coding process 1n which a suitable coding
mode 1s selected.

According to the embodiment, the coding apparatus 100
can calculate the coding cost without actually conducting the
coding process. In other words, selection of a coding mode
based on the coding cost can be conducted without the actual
coding processing. Thus, the embodiment may provide an
advantageous 1mage coding which 1s conducted with little
computation quantity while maintaining the image quality.

Additional advantages and modifications will readily
occur to those skilled in the art. Theretfore, the invention 1n its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general iventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. An 1mage coding apparatus dividing an image into a
plurality of blocks to conduct coding on block basis, com-
prising:

a processing unit that conducts frequency transform and

quantization on the block in a predetermined manner for

a plurality of coding modes, each mode having a differ-
ent coding process;

a predictive coded quantity calculating unit that calculates
a predictive coded quantity in a coding mode using a
result of the quantization conducted by the processing
unit;
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a coding cost calculating unit that calculates a coding cost
in each coding mode using the predictive coded quantity
calculated by the predictive coded quantity calculating
unit;

a minimum coding cost selecting unit that selects a mini-
mum coding cost, which 1s minimum among the coding
costs calculated by the coding cost calculating unit, for
respective coding modes;

a coding unit that conducts coding on the blocks 1n a coding,
mode associated with the minimum coding cost selected
by the minimum coding cost selecting unit;

a coded quantity prediction expression retaining unit that
retains a plurality of coded quantity prediction expres-
s1ons, each 1n association with a coding mode, to be used
by the predictive coded quantity calculating unit to cal-
culate the predictive coded quantity; and

a coded quantity prediction expression correcting umt that
corrects the coded quantity prediction expressions
retained 1n association with the coding modes by the
coded quantity prediction expression retaining unit,
based on an actual coded quantity actually generated
when the coding umt conducts coding in a predeter-
mined coding mode,

wherein the predictive coded quantity calculating unit cal-
culates the predictive coded quantity using a coded
quantity prediction expression retained in the coded
quantity prediction expression retaining umnit.

2. An 1mage coding apparatus dividing an image into a
plurality of blocks to conduct coding on block basis, com-
prising;:

a processing unit that conducts frequency transiform and

quantization on the block 1n a predetermined manner for

a plurality of coding modes, each mode having a differ-
ent coding process;

a predictive coded quantity calculating unit that calculates
a predictive coded quantity in a coding mode using a
result of the quantization conducted by the processing
unit:

a coding cost calculating unit that calculates a coding cost
in each coding mode using the predictive coded quantity
calculated by the predictive coded quantity calculating
unit;

a minimum coding cost selecting unit that selects a mini-
mum coding cost, which 1s minimum among the coding
costs calculated by the coding cost calculating unit, for
respective coding modes;

a coding unit that conducts coding on the blocks 1n a coding,
mode associated with the minimum coding cost selected
by the minimum coding cost selecting unait;

a coded quantity prediction expression retaining unit that
retains a plurality of coded quantity prediction expres-
s1ons, each 1n association with a coding mode, to be used
by the predictive coded quantity calculating unit to cal-
culate the predictive coded quantity; and

a coded quantity prediction expression correcting umt that
corrects the coded quantity prediction expressions
retained 1n association with the coding modes by the
coded quantity prediction expression retaining unit,
based on an actual coded quantity actually generated
when the coding umt conducts coding in a predeter-
mined coding mode,
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a scene change detecting unit that detects a scene change in tion expression retained 1n the coded quantity prediction
a frame to be processed; and expression retaining unit and

an mitializing unit that imtializes the coded quantity pre- when the imtializing unit has initialized the coded quantity
diction expression corrected by the coded quantity pre- prediction expression, the predictive coded quantity cal-
diction expression correcting unit, when the scene 5 culating unit calculates the predictive coded quantity
change detecting unit has detected the scene change, using the mitialized coded quantity prediction expres-

wherein S101.

the predictive coded quantity calculating unit calculates the
predictive coded quantity using a coded quantity predic- * ok Kk k%
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